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Velocity map imaging studies of the Lyman « photodissociation
mechanism for H atom production from hydrocarbons
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H atoms produced in Lyman photolysis of ethane, propane, and ethylene have been studied using
velocity map imaging techniques. Two types of H atoms are identified, one formed along with an
alkyl radical in the Rydberg state and the other by the subsequent decomposition of this Rydberg
radical. © 1998 American Institute of Physids$0021-960808)01536-0

INTRODUCTION record the total amount of light emitted by the phosphor as a
function of time and thus to obtain the time-of-fligftOF)

The recent observation of GHand GHg in Comet  spectra of the photodissociation fragments. With a known
C/1996 Hyakutake suggests that saturated hydrocarbons ar®F, the input of the dual channel plate detector can be
present in comets and the interstellar medium in addition tgated so that only the ions of a particular mass will be im-
being in the atmospheres of the giant planets and theiaged onto the phosphor and recorded with the TV camera for
satellitesl'? Thus, it is important to understand the photodis-later processing. Lymam radiation is generated by four-
sociation processes of these molecules. For the sun and oth@ave mixing of 364.8 nm laser light in a Kr gas cell that is
stars with a similar radiation environment, the most impor-phase-matched with Ar. The laser light is produced by a
tant photodissociation wavelength is Lyman(121.6 nm,  Spectra Physics GCR-290-30 Nd-Yag laser pumping a Laser
because these saturated hydrocarbons have no appreciaBlealytical System LDL 2505 dye laser. The linewidth of the
absorption above 140 nm. dye laser fundamental was 0.04 chand the repetition rate

There have been many “classical” photochemistry stud-was 30 Hz. The H atom images were obtained by scanning
ies of saturated and unsaturated hydrocarbons at Lyatgh  the dye laser over the Doppler width of the H atom absorp-
Surprisingly, only CH has been studied with modern tech- tion line, since it is substantially wider than the laser line-
niques at 121.6 nmi.’ In this note, preliminary results from width.
the photodissociation of £Elg, CsHg, and GH, at Lymana,
using ion imaging techniques to detect and determine the
translational energy distribution of H atoms, will be pre- RESULTS AND DISCUSSION
sented. We will show that in the case of the saturated hydro- A typical H atom image obtained in these studies is pre-
carbons, the mechanism of dissociation seems to be similagented in Fig. 1. Images like this were processed using an
whereas in ethylene there is a distinct difference. inverse Abel transform and radial integration over the inten-

The imaging apparatus has been previously desctibedsity distribution of recoiling fragments, to obtain H atom
and only the essential elements will be briefly describedranslational energy distribution curveB(E;).1° Typical
here. It has a skimmed pulsed molecular beam, whickexamples of such curves derived from the photolysis of
crosses a laser beam in the center of an ion lens used fethane, propane, and ethylene are shown in Fig. 2. What is
focusing the image in the time-of-flight apparatus onto theremarkable about this figure is the similarity between the
detector. The lens consists of a repeller, an accelerator, andcarves for the two saturated hydrocarbons. The curves are
ground aperture. Its characteristics for imaging studies haveearly identical, with a peak between 0.2 and 0.3 eV and a
been thoroughly documented by Eppink and Park&he tail that extends out 0f2.92 to 2.95 eV. This suggests that
ground aperture of this lens system serves as the entrance fisrere may be a common photodissociation mechanism in the
a 50 cm flight tube that ends with a dual channel plate parLyman « region for the production of H atoms from the
ticle detector and a fast P-47 phosphor. The dual channdligher alkanes.
plate serves to convert an individual ion to®10 10 elec- Sevin and his co-worket$® suggested that if the en-
trons, which strike the phosphor to provide the final imageergy of the photolysis photon is high enough, then the pro-
This image is recorded with a free running TV camera whoseluction d a H atom and a free radical with the electron in an
output is digitized and then recorded in a computer, where iexcited Rydberg orbital will be one of the photochemical
can be further processed. A photomultiplier tube is used t@hannels. The energy of this excited orbital is substantially
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above the C—H bond dissociation energy of the radical. Their g:z N
calculations indicated that the electron in this excited Ryd- 0.0 0.5 1.0 1.5 2.0 2.5 3.0

berg orbital collapses to thesorbital of one of the H atoms Translational Energy (eV)

in the radical and leads to dissociation of the H atom from ' _ '

the radical. This H atom will have a great deal of transla-F'IG'_z' IheFé(iT) dbe”"eﬁ fromdtheg:tom images in the Lymarpho-
tional energy extending te-3.0 eV. TheP(E;) curves of tolysis of (& CaHe, (b) CoH, and(©) CHs

both ethane and propane have H atoms with maximum trans-

lational energiesE"®, out to 2.95 eV, and a most probable
translational energyE+), of ~0.25 eV. The most probable
available energy{E,..p, for the internal excitation of the

heavy radical fragment, will be given by the following:

FIG. 1. H atom image formed in the photofragmentation of ethagté; C
+hv151 60— CoHs+H.

the photolysis of methane at Lymancannot lead to excita-
tion of the methyl radical to a Rydberg state. Thus, one
would predict methane’$#(E;) for H atoms at Lymane
would be different from the ones observed for ethane and
(Eavaid=hv121 6~ Do(R-H) — (Eq). propane. This is consistent with the observatiohs.

' A comparison between the(E+)’s from the earlier im-
Table | gives the(E,,) for the methyl, ethyl, propyl, and aging experiments on CHand the present ones on ethane
vinyl radicals and shows this energy varies from 5.60 to 6.04and propane shows that they are indeed very diffetéiihe
eV. The table also lists the C—H bond dissociation energie®(E+) for methane has a peak at low kinetic energies similar
of the moleculesP,(R-H) and the radicalsD,(M-H), as to the present ones. This means that;Glds high internal
well as the energy of the excited Rydberg stﬁéyd. The energy. There is enough energy for further dissociation via
higher D,(R-H) and Egyd of the methyl radical mean that the following reactions:

CHy(X A;) — CHg(X 2A%)*+H—CHy(X °B;)+2H AE=9.21 eV, (1)
—CHy(a *A;)+2H AE=9.48 eV, (2)
—CH(X 2I1)+H+H, AE=9.07 eV, (3)

as it has been previously discussédiowever, there is not state, i.e., B ?A;), then dissociation would occur, as has
enough available energy to excite the radicals to the firsbeen recently demonstrat&tyia the following:

excited Rydperg_state unless the methane molecules st_iII CH4(X 1A;)—CHy(B 2A,)*+H—CH,(a A,)

have some vibrational energy. The table shows 10.022 eV is

needed, and a Lymaa photon only supplies 10.0196 eV. +2H AE=9.60 eV. (4)

The lowest vibrational frequency in methane is 1306 &m  ysing this additional vibrational energy one can provide the
and it is threefold degenerate, so the population at room tenheeded energy and leave 0.97 eV partitioned between trans-
perature is only 0.8%. It is unIiker that this small peak iS|ati0na| and internal energy of the fragments. Thez(zaﬁi_

due to CH with one quantum of vibration energy, because itcal will have no energy left for internal vibration or rotation
would be smaller unless the Franck—Condon factor is highegxcitation.

than it is for molecules in the ground state with no vibration The other peak in the H atom time-of-flight spectra for
energy. If vibrational energy is used to supply the requirednethane is at 1.5 eV, and it corresponds to lower internal
energy for excitation of the CHradical to the 3 Rydberg energy in the free radical fragment. This represents the major
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TABLE I. Available energy E, i, at Lymana 121.6 nm for a free radical fragment, the minimum energy to
excite the first Rydberg state of the radidﬁEyd, and the(C—H) bond dissociation energies for the molecule,
Do(R-H), and radicalDy(M-H).

<Eavail> Egyd DO(R'H)a DO(M'H)
Molecule (eV) Regyd (eV) (eV) (eV)
CH, 5.72 CH[?A}(3s)]>¢ 5.74 4.48 4.73
C,Hs 5.85 C,H{?A[(39)]° 5.04 4.35 1.59
C3Hg 5.88 n-CyHA2A}(3s) ¢ 5.04 4.32 1.48
CaHg 6.04 i-C3H{2A;(39)]° 4.59 4.16 1.6%
CH, 5.60 C,H4?A[(39)]° 6.25 4.60 15-1%

#The dissociation energies of the radicals were calculated from heats of form@emRef. 22.
bPReference 14.
‘Reference 23.
dReference 24.
®Reference 17.
Reference 20.
9Reference 25.

channel for the production of H atoms in the Lymampho-  production. Additional studies are needed at different wave-
tolysis of methan@® This peak has been assigned to thelengths to sort out these various dissociation channels.
following process:

CHy(X 1A;) > CHy(X 2A)* +H AE=4.48 ev. (5 CONCLUSION
In conclusion, the present work supports the theoretical
ulations of Sevin and his co-workers, which suggest that
nough energy is available to form the radicals in a Ryd-
berg state then they will dissociate to produce another H
atom!!~13The calculations indicated that H atoms will have
a great deal of translational energy which is in agreement
with the observed®(Ey) curves. These curves show a low
energy peak, which supports the idea of formation of the free
réa\dical in a Rydberg state.

While the translational profiles of the H atom are con-

More energy has been distributed into translational energy, .
so there is now not enough available energy for spontaneouF
fragmentation into another H atom via reactidfy (2), and e
(3). If these methyl radicals undergo further dissociation,
they will have to dissociate via other reactions with lower
energy requirementst

The peak in thé’(E+) curve at 1.5 eV is not observed in
the Lymana photolysis of ethane and propane. The ethyl
and propyl radical fragments must then have higher averag

internal energies than Gftadicals produced from the pho- sistent with the proposed photolysis mechanism, there are
tolysis of CH,. It is our contention that most of this higher the prop P y !
many questions still to be answered. These include the

internal energy in the £s and GH- radicals results in the ) :
excitation of these free radicals to the lowest Rydberg statebranChIng between the detachment of the first H atom and

We would expect that the(E-) for methane will change to the second H atom and the anisotropy parameters for the

resemble thé(E-) of ethane and propane when the energyparent and daughter dissociation. Precise theoretical curves

. - . for the dissociation pathways of the intermediate radicals are
of the photolyzing photon is increased, so that this channelols0 needed. We would also like to identify the heavy prod-

becomes energetically available. There will be a competitio ucts that are the result of the photodissociation process and
between spontaneous dissociation of the;Chtlical on the . . . 1€ phot P!
determine their recoil velocities. Finally, the relative prob-

excited Rydberg surface and internal conversion of this en-

ergy to the ground state surface. This type of competition ha’;sibllr[y for detachment of primary, secondary, and tertiary H

recently been observed in the photodissociation of acetylen%éoergz ];:)O?etzeetzfﬁ]riaggagﬁrf;::“;% dﬁggrgfsrgsge%?{npuonund
in the Rydberg regiof® ' y

In ethylene, the excited electronic states have lower en(-j(i)rrleay to clarify these and other questions raised by our

ergy because of the electrons in the molecule. Recent work w
of Mebelet al. has shown most of the underlying continuous
absorption at 121.6 nm is associated with théo 7* tran- ACKNOWLEDGMENTS
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